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FOREWORD 


This  report  describes  work  on  dimensional  similitude  requirements  for  plane  stress  fracture 
mechanics  testing  accomplished  in  the  Structural  Test  Laboratory  of  The  Boeing  Company 
Transport  Division.  The  testing  was  conducted  from  September  1960  through  January  1961, 
and  the  test  results  were  reported  in  Structural  Test  Laboratory  Test  Progress  Report  92-OH, 
dated  6  June  1961.  The  testing  was  performed  by  Mr.  R.  Forman  and  Mr.  E.  Schwenk  under 
the  approval  of  Mr.  S.  Engstrom. 

In  addition  to  the  test  results  on  similitude  requirements,  the  test  results  also  contributed 
data  on  slow  crack  extension,  crack  buckling,  and  crack  tip  yield  zone  size.  This  data  is 
particularly  important  for  substantiating  recent  theoretical  studies  in  fracture  mechanics. 

This  report  was  written  by  Mr.  R.  Forman,  Aerospace  Engineer,  Theoretical  Mechanics 
Branch,  Structures  Division,  Air  Force  Flight  Dynamics  Laboratory  under  Project  No.  1467, 
“Structural  Analysis  Method,”  Task  No.  146704,  “Structural  FatigueAnalysis.”  Approval  for 
publishing  the  Boeing  Company  test  data  was  given  by  Mr.  D.  R.  Donaldson,  Unit  Chief,  Struc¬ 
tures,  The  Boeing  Company  Supersonic  Transport  Program. 

Manuscript  released  by  author  July  1965  for  publication  as  an  RTD  Technical  Report. 

This  technical  report  has  been  reviewed  and  is  approved. 


Chief,  Theoretical  Mechanics  Branch 
Structures  Division 
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ABSTRACT 


This  report  presents  test  results  on  dimensional  similitude  requirements  for  plane  stress 
fracture  toughness  testing  of  centrally  notched  Griffith  panels.  In  addition  to  the  similitude 
requirements  data,  the  report  also  presents  test  results  on  crack  buckling,  slow  crack  exten¬ 
sion,  and  crack  tip  yield  zone  size.  This  data  is  particularly  useful  in  substantiating  recent 
theoretical  studies  in  fracture  mechanics. 
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SECTION  I 
INTRODUCTION 


Tests  have  been  conducted  on  the  follow¬ 
ing  materials  to  investigate  the  dimensional 
similitude  requirements  for  testing  plane 
stress  fracture  toughness: 

1.  .063  gage  7075-T6  aluminum  sheet 

2.  .060  gage  2024 -T3  aluminum  sheet 

3.  .060  gage  2024 -T  81  aluminum  sheet 

4.  .020  gage  AM350CRT  steel  sheet 

5.  .020  gage  AM355CRT  steel  coil 

Essentially,  the  purpose  of  the  test  program 
was  to  determine  the  change  in  fracture  tough¬ 
ness  due  to  the  following  variables: 

1.  Stress  level  and  crack  length 

2.  Panel  length  to  half  crack  length  ratio 
(L/a) 

3.  Crack  length  to  panel  width  ratio  (2a/2b) 


In  addition,  an  extensive  amount  of  data  was 
recorded  on  such  things  as  crack  buckling, 
slow  crack  extension,  and  crack  tip  yield 
zone  size.  The  buckling  and  yield  zone  size 
data  was  useful  in  checking  existing  equations 
for  the  buckling  stress  and  yield  zone  size 
dimensions. 

Crack  buckling  was  considered  important 
because  there  are  two  uses  for  fracture  tough¬ 
ness  data,  one  for  material  evaluation  and  the 
other  for  determining  critical  crack  sizes  in 
structures.  For  material  evaluation,  the 
effect  of  buckling  should  be  eliminated,  but 
for  structural  analysis,  the  effect  of  crack 
buckling  should  be  taken  into  account.  Thus, 
for  most  specimen  sizes  tested,  two  speci¬ 
mens  were  tested  with  greased  stiffener 
plates  lightly  clamped  against  the  panels,  and 
one  specimen  was  tested  without  stiffener 
plates  to  allow  buckling  to  occur. 
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SECTION  II 
SUMMARY 


This  test  program  has  shown  that  the  plane 
stress  fracture  toughness  of  centrally- 
notched  Griffith  panels  will  remain  relatively 
constant  with  changes  in  panel  width  and  panel 
length  if  the  crack  length  remains  constant. 
However,  the  plane  stress  fracture  toughness 
was  found  to  be  considerably  affected  by  the 
stress  level,  crack  length,  and  crack  buckling 
deflection.  In  general,  when  buckling  was 
prevented,  the  fracture  toughness  increased 
with  increasing  crack  length.  The  effect  of 
crack  buckling  deflection  tended  to  decrease 
the  fracture  toughness  values. 


A  noticeable  result  of  the  change  in  frac¬ 
ture  toughness  was  the  variation  in  the  slow 
crack  extension  and  the  yield  zone  size  at 
crack  instability.  As  the  fracture  toughness 
for  each  material  increased,  the  amount  of 
slow  crack  extension  and  the  yield  zone  size 
at  instability  both  increased. 

Other  useful  results  of  the  test  program 
were  that  experimental  measurements  for 
buckling  stress  and  yield  zone  size  agreed 
satisfactorily  with  particular  theoretical  so¬ 
lutions. 
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SECTION  III 
TEST  PROGRAM 


1.  OUTLINE  OF  TEST  PROGRAM 

The  essential  variables  in  the  test  pro¬ 
gram  were  crack  length,  panel  width,  and 
panel  length.  The  effects  of  these  variables 
can  be  listed  in  the  following  order: 

a.  Crack  buckling  deflection 

b.  Variation  in  fracture  toughness  with 

(1)  panel  length 

(2)  panel  width 

(3)  crack  length 

c.  Slow  crack  extension 

d.  Yield  zone  size 

These  effects  are  all  discussed  and  the  test 
results  are  presented  in  Section  IV  Results 
and  Discussion. 

2.  TEST  SPECIMEN  DESCRIPTION 

The  specimen  materials  for  the  test  pro¬ 
gram  are  listed  as  follows: 

a.  .063  gage  7075-T6  bare  aluminum  sheet 

b.  .060  gage  2024-T3  bare  aluminum  sheet 

c.  .060  gage  2024 -T 81  bare  aluminum  sheet 

d.  .020  gage  AM350CRT  steel  sheet 

e.  .020  gage  AM355CRT  steel  coil 

The  specimens  were  all  centrally -notched 
Griffith  panels.  A  sketch  of  the  specimen  con¬ 
figuration  is  shown  in  Figure  1.  Except  for 
the  effect  of  L/a  testing,  all  specimens  for 
each  series  of  tests  (for  example,  specimens 
16A  through  21A  or  16B  through  2  IB)  were 
taken  from  the  same  sheet  of  material. 

Tensile  coupon  tests  were  also  conducted 
for  each  material  to  determine  the  material 
properties.  Six  coupons  (three  longitudinal 
grain  and  three  transverse  grain)  were  taken 
from  one  broken  half  of  a  24  inch  by  48  inch 
panel  for  each  material.  The  coupons  were 
taken  from  the  area  adjacent  to  the  sawcut 
in  each  panel.  The  results  of  these  tests  are 
listed  in  Tables  I  and  n.  The  load  versus 
strain  curves  for  a  longitudinal  grain  coupon 
and  a  transverse  grain  coupon  for  each  mate¬ 
rial  are  shown  in  Figures  2  through  6. 


3.  TEST  PROCEDURE 

All  tests  were  run  in  a  300  KIP  Baldwin 
Static  Test  Machine  under  the  following  con¬ 
ditions: 

Temperature:  70°  ±5°  F 
Atmosphere:  Air 

Approx.  Load  Rate:  a.  50  KIPS  per  minute 

from  zero  load  to 
start  of  slow  crack 
extension. 

b.  5  KIPS  per  minute 
from  start  of  slow 
crack  extension  to 
specimen  failure. 

A  photograph  of  the  test  setup  is  shown  in 
Figure  7.  The  slow  crack  extension  was 
measured  at  each  end  of  the  crack  by  visual 
observation.  Grid  lines  were  drawn  about 
0.1  inch  apart  on  each  panel.  When  the  crack 
reached  a  grid  line,  loading  was  stopped,  and 
the  crack  length  was  estimated  to  the  nearest 
0.03  inches,  and  the  load  was  recorded.  The 
critical  crack  length  was  the  length  at  which 
the  crack  began  to  extend  with  no  increase  in 
load. 

For  the  2024-T3  and  2024-T81  unstiffened 
specimens,  the  buckling  deflection  at  the 
center  of  the  crack  was  also  recorded.  The 
deflection  was  measured  with  a  dial  indicator 
held  against  the  edge  of  the  crack  on  the 
centerline  of  the  panel. 

All  fracture  tests  were  conducted  without 
prior  load  cycling  to  obtain  fatigue  cracks. 
This  was  considered  acceptable  due  to  the 
large  yield  zone  size  to  notch  tip  radius  ratio 
for  all  specimens.  Furthermore,  the  purpose 
of  the  program  was  to  measure  trends  in 
experimental  results,  and  the  difference  be¬ 
tween  a  fatigue  crack  and  a  sharp  notch  would 
not  have  appreciably  affected  the  observed 
trends . 

In  calculating  the  fracture  toughness,  G  , 

c 

the  correction  factor,  a  ,  was  used  only  to 
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account  for  the  finite  width  of  the  specimens. 
No  correction  factor  was  used  to  account  for 
the  crack  tip  yield  zone  because  it  was  de¬ 
termined  that  the  variations  in  G  would  not 

c 


have  appreciably  changed  if  aplastic  correc¬ 
tion  factor  (for  example,  the  one  in  Reference 
3)  had  been  used. 
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SECTION  IV 

RESULTS  AND  DISCUSSION 


1.  CRACK  BUCKLING  DEFLECTION 

The  results  of  the  crack  buckling  deflec¬ 
tion  measurements  are  shown  in  Figure  8 
and  9.  The  stress  levels  at  which  the  stress- 
deflection  curve  makes  an  apparent  change 
in  slope  was  estimated  to  be  the  buckling 
stress.  Figure  10  shows  the  comparison  of 
Liu’s  (Reference  1)  theoretical  buckling 
stress  and  the  experimental  results.  The 
test  results  show  that  the  effective  crack 
length,  £  e,  should  probably  be  between 

IL  -  Ii/2  and  Q.  =  H/2>  for  the  most  accurate 
e  e 

solution. 

2.  VARIATION  IN  FRACTURE  TOUGHNESS 
WITH  SPECIMEN  DIMENSIONS 

Variation  in  Fracture  Toughness  with  Panel 
Length 

The  results  of  these  tests  are  listed  in 
Tables  III  and  IV  and  are  plotted  in  Figures 
11  and  12.  The  results  indicate  that  for  a 
given  crack  length,  the  fracture  toughness 
will  remain  constant  for  values  of  L/a  greater 
than  3.  Since  most  fracture  tests  are  con¬ 
ducted  with  L/a  greater  than  4,  there  norm¬ 
ally  should  be  no  discrepancy  in  test  results 
due  to  the  length  of  the  specimens. 

Variation  in  Fracture  Toughness  with  Panel 
Width 

The  results  of  these  tests  are  listed  in 
Tables  V  and  VI.  The  results  indicate  that 
for  a  given  crack  length,  the  fracture  tough¬ 
ness  is  moderately  affected  by  the  variation 
in  panel  width.  This  test  was  actually  an 
attempt  to  determine  the  effect  of  the  net 
area  stress  level  while  maintaining  the  crack 
length  constant.  The  results  indicate  that  the 
net  section  stress  level  has  an  effect  on  the 
value  of  the  fracture  toughness. 

Variation  in  Fracture  Toughness  with  Crack 
Length 


Figures  13  through  16.  The  variation  in  crack 
length  was  accomplished  by  varying  the  panel 
width  while  maintaining  the  ratio  of  crack 
length  to  panel  width  constant.  The  curves 
show  that  the  crack  length  has  a  pronounced 
effect  on  the  value  of  the  fracture  toughness. 
For  the  stiffened  specimens,  the  fracture 
toughness  always  increased  with  increasing 
crack  length.  For  the  unstiffened  specimens, 
crack  buckling  affected  the  results  and  no 
general  trends  were  determined,  except  that 
buckling  appreciably  reduced  the  fracture 
toughness.  The  results  of  the  stiffened 
7075-T6  aluminum  tests  shown  by  the  curve 
in  Figure  13  are  interesting  because  the  curve 
indicates  the  crack  length  at  which  buckling 
commences  to  reduce  the  fracture  toughness. 
Using  the  buckling  equation  given  in  Figure 

10  and  letting  H  the  unstiffened  7075- T6 

panels  should  have  started  buckling  at  a  crack 
length  of  about  2  inches.  The  fracture  tough¬ 
ness  curve  in  Figure  13  shows  that  this  is 
approximately  the  crack  length  at  which  buck¬ 
ling  started  to  reduce  the  fracture  toughness 
value. 

3.  SLOW  CRACK  EXTENSION 

The  results  of  the  slow  crack  extension 
measurements  are  shown  in  Figures  17 
through  23.  Essentially,  four  conclusions  can 
be  made  concerning  these  results.  These 
conclusions  are: 

a.  The  amount  of  slow  crack  extension  be¬ 
fore  fast  fracture  increases  with  an  increase 
in  initial  crack  length. 

b.  The  fracture  toughness  increases  with 
the  increase  in  amount  of  slow  crack  exten¬ 
sion. 

c.  The  onset  of  slow  crack  extension  for 
each  material  but  for  different  initial  crack 
lengths  occurs  at  a  constant  value  of  the  stress 
intensity  factor  k. 


The  results  of  these  tests  are  listed  in 
Tables  VII  through  XI  and  are  plotted  in 


5 


d.  The  curve  of  slow  crack  extension  versus 
stress  intensity  factor  plots  as  a  straight  line 
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on  log-log  scale,  and  thus  the  amount  of  slow 
crack  extension  can  be  expressed  by  the 
equation 

A  a  =  ck°  ( I ) 


Then,  making  the  substitution 


The  solution  becomes 


where  c  and  n  are  constants  for  particular 
materials. 

4.  YIELD  ZONE  SIZE 

Photographs  of  an  enlarging  crack  tip  yield 
zone  observed  in  AM350CRT  Specimen 
No.  33B  are  shown  in  Figures  24  through  29. 
Similar  yield  zones  were  observed  in  all  the 
AM350CRT  and  AM355CRT  specimens.  Fig¬ 
ures  30  through  32  show  measurements  of 
yield  zone  sizes  and  the  comparison  of  theory 
with  experimental  results. 

Figure  30  shows  the  excellent  correlation 
between  the  Dugdale  (Reference  2)  solution 
for  the  yield  zone  length  and  the  lengths 
measured  from  the  photographs  in  Figures 
24  through  29.  Figures  31  and  32  show  how 
the  Dugdale  solution  can  be  related  to  the 
stress  intensity  factor,  k. 

The  Dugdale  solution  for  the  yield  zone  length 
is 


w  x  =  a  (  sec  /S  -  I  )  (2) 


.  Q*  F.  ,  5  /_ Q_\z  6 1  /  Q  V 

2  L  12  (  0  /  360  i  a  / 

+  JIT.  U.)'  ] 

4032  V  a  /  J 


(4) 


where 


Q  = 


TT  k 


2  a. 


yp 


For  long  cracks,  the  solution  becomes 
approximately 


w 


X 


1  2  ayp  ' 


(5) 


2 

which  is  7 r  /4  times  the  Reference  3  solution, 
expressed  as 


where 


If  sec  /3  -1  is  expanded  into  4  terms  of  a 
series,  the  solution  can  be  expressed  approxi¬ 
mately  as 


720  8064 


(3) 


w» '  “J-  (t^-)  l6> 

In  Figure  32,  the  theoretical  solution  for 
a  =  1  does  not  appear  to  agree  with  the  ex¬ 
perimental  results.  However,  the  experi¬ 
mental  points  take  into  account  the  actual 
crack  length  after  slow  crack  extension  and 
the  a  =  1  theoretical  curve  should  not  agree 
with  the  experimental  points. 


Figure  33  shows  the  variation  in  k  with 

c 

yield  zone  size.  As  can  be  expected,  k  in- 

c 

creases  with  the  yield  zone  size  at  onset  of 
fast  fracture. 
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Figure  1.  Specimen  Configuration 
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SPEC.  AREA  ULT.  LOAD  GRAIN  TEST  TEST 
NO.  SQ.IN.  LBS  DIRECTION  TEMPCF)  ATMOSPHERE 

2  .0319  2690  TRANSVERSE  80  AIR 

4  .0320  2680  LONGITUDNAL  80  AIR 
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Figure  2.  Load-Strain  Curves  for  0.063  Gage  7075- T6  Aluminum  Sheet 


SPEC  AREA  ULT.  LOAD  6RAIN  TEST  TEST 

NO.  SO  IN  LBS.  DIRECTION  TEHPCF)  ATMOSPHERE 
8  .0299  1995  TRANSVERSE  80  AIR 
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Figure  3.  Load-Strain  Curves  for  0.  060  Gage  2024-T3  Aluminum  Sheet 
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Figure  4.  Load-Strain  Curves  for  0.  060  Gage  2024-T81  Aluminum  Sheet 


SPEC  AREA  ULT.  LOAD  GRAIN  TEST  TEST 

2500-  — ® - ®— ►  _N0_  SQJN  LBS  DIRECTION  TEMPCF)  ATMOSPHERE 

(TYP)  (TYP)  26  .0101  2210  TRANSVERSE  80  AIR 

28  .0100  2135  LONGITUDINAL  80  AIR 
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Figure  5.  Load-Strain  Curves  for  O.  020  Gage  AM350CRT  Steel  Sheet 


250(H 
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Figure  6.  Load-Strain  Curves  for  0.  020  Gage  AM355CRT  Steel  Sheet 


4* 
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Figure  7.  Test  Setup  for  Stiffened  Specimen 
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Figure  8.  Variation  in  cr0  with  Crack  Buckling  Deflection  for  0.  060  Gage 
2024-T3  Aluminum  Sheet 
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Figure  9.  Variation  in  a0  with  Crack  Buckling  Deflection  for  0.  060  Gage 
2024-T81  Aluminum  Sheet 
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PANEL  NET  AREA  STRESS~<rn  (KSI) 
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Figure  10.  Comparison  of  Theoretical  and  Experimental  Buckling  Stress 
for  Centrally  Cracked  Aluminum  Panels 
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Figure  11.  Variation  in  Gc  with  L/a  for  0.  060  Gage  7075-T6  Aluminum  Sheet 
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Figure  12.  Variation  in  Gc  with  L/a  for  0.  020  Gage  AM355CRT  Steel  Coil 


IN- LBS 
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Figure  13.  Variation  in  G„  with  Panel  Width  at  Constant  a0  /b  for  0.  063  Gage 
7075-T6  Aluminum  Sheet 
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Figure  14.  Variation  in  Gc  with  Panel  Width  at  Constant  aQ/b  for  0.  060  Gage 
2024-T81  Aluminum  Sheet 
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0  4  8  12  16  20  24  28 

2b,  PANEL  WIDTH  (IN.) 


Figure  15.  Variation  in  Gc  with  Panel  Width  at  Constant  a/b  for  0.  020  Gage 
AM350CRT  Steel  Sheet 
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0  1.1  I  I  .i  J-  ..1- 

0  4  8  12  16  20  24 

2b,  PANEL  WIDTH  (IN) 


Figure  16.  Variation  in  Gc  with  Panel  Width  at  Constant  a0  A)  for  0.  020  Gage 
AM355CRT  Steel  Coil 
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SPECIMEN  (UNSTIFFENED) 
SPECIMEN  (STIFFENED) 
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Figure  21.  Variation  in  k  with  Aa  for  0.  020  Gage  AM355CRT  Steel  Coil 
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Figure  22.  Variation  in  k  with  A  a 


29 


STRESS  INTENSITY  FACTOR, 
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Figure  23.  Variation  in  k  with  A  a 
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DATA  TABLE 

£ t0  =  52,100  PSI 

a0  +  Aa  =  2.50  IN. 
k  =  88,200  LB-IN.-}/* 
2wy  =  .07  IN. 

=  .20  IN. 


Figure  24.  Yield  Zone  Photographs  from  Specimen  No.  33B 
0.  020  Gage  AM350CRT  Steel  Sheet 
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CT0  =  64,  IOO  PSI 

a0  +  Aa  =  2.50  IN 

k  =  108,500  LB-IN'3/2 

2  Wy  :  .11  IN. 

wx  =  .28  IN. 


DATA  TABLE 


a0  =  72,700  PSI 
a0  +  Aa  =  2.50  IN. 
k  =  123,000  LB -IN’ 3/2 

2 wy -  .13  IN. 

Wx  :  .43  IN. 


Figure  25.  Yield  Zone  Photographs  from  Specimen  No.  33B 
0.  020  Gage  AM350CRT  Steel  Sheet 
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°b 

= 

80,000  PSI 

do 

+ 

Aa  =  2.35  IN. 

k 

= 

136,500  LB-IN 

2Wy 

= 

.  18  IN. 

"x 

r 

.52  IN. 

o-0  =  87,  100  PS  I 

q0  +  Aa  =  2.60  IN. 
k  =  151,000  LB-IN. '3/2 

2wy =  .21  IN . 

=  .  63  IN. 


Figure  26.  Yield  Zone  Photographs  from  Specimen  No.  33B 
0.  020  Gage  AM350CRT  Steel  Sheet 
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Oo 

94,600  PSI 

ao 

+ 

Aa  =  2.69  IN. 

k 

= 

168,000  LB-IN~3/2 

2v»y 

= 

.25  IN. 

= 

.85  IN. 

DATA  TABLE 


o-0  =  99,100  PSI 

a0  +  Aa  =  2.82  IN. 
k  =  182,000  LB-IN.'3/2 

2wy  :  . 30  IN. 
w„  =  1.08  IN. 


Figure  27.  Yield  Zone  Photographs  from  Specimen  No.  33B 
0.  020  Gage  AM350CRT  Steel  Sheet 
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DATA  TABLE 


<r0  -  100,500  PSI 

a0  +  Aa  =2.87  IN. 
k  =  189,000  LB-IN.'3/* 
2 wy  =  .325  IN. 

<»x  =  III  IN. 


DATA  TABLE 


°o 

r 

102,100  PSI 

°o 

+ 

Aa  =  3.00  IN. 

k 

z 

197,000  LB-IN 

2wy 

: 

.360  IN  . 

"x 

= 

1.22  IN. 

Figure  28,  Yield  Zone  Photographs  from  Specimen  No.  33B 
0.  020  Gage  AM350CRT  Steel  Sheet 
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DATA  TABLE 

oo  =  103,100  PSI 

a0  +  Aa  =  3.08  IN. 

k  =  202,000  LB- IN." 3/2 

2 Wy  =  .390  IN. 

wx  =  1.35  IN. 


DATA  TABLE 

<t0  =  104,700  PSI 

a0  +  A  a  -  3.  35  IN. 

k  =  220,000  LB-IN.-3/2 

2 Wy  =  .45  IN. 

wx  :  1 . 54  IN. 


Figure  29.  Yield  Zone  Photographs  from  Specimen  No.  33B 
0.  020  Gage  AM350CRT  Steel  Sheet 
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Figure  30.  Comparison  of  Theoretical  and  Experimental  Plastic  Zone  Sizes 
for  Specimen  No.  33B,  0.  020  Gage  AM350CRT  Steel  Sheet 
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Figure  31.  Variation  in  k  with  w  for  0. 020  Gage  AM355CRT  Steel  Coil 
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jure  32. 


Variation  in  k  with  w  for  0.  020  Gage  AM355CRT  Sleef  Coil 
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0  0.2  0.4  0.6  0.8  1.0  1.2  1.4 

w,  YIELD  ZONE  SIZE  (IN.) 

Figure  33.  Change  in  kc  with  w  for  0.  020  Gage  AM355CRT  Steel  Coil 
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TABLE  I  TENSILE  PROPERTIES  OF  2024  AND  7075  ALUMINUM 


Yield  was  not  obtainable 

Taken  from  sheet  for  Gc  specimens  IB  -  9B. 

Taken  from  a  24  x  48  inch  Gc  specimen  (sheet  unknown) 


Atmosphere  =  Air 

Test  Temperature  =  80°  F. 
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TABLE  II  TENSILE  PROPERTIES  OF  AM350  AND  AM355  STEEL 


SPECIMEN 

NUMBER 

GAGE  (IN) 

TYPE 

MATERIAL 

GRAIN 

DIRECTION 

L  =  LONGITUDINAL 

T  =  TRANSVERSE 

ULTIMATE 

STRENGTH 

(PSI) 

YIELD 

STRENGTH 

(PSI) 

/*“\ 

6-8 

GO 

W 

23 

o  u 
M  ^ 
H  M 
< 

O  CNJ 

23 

O  04 
►D  W 
M  Ph 

19  D 

> 

.020 

AM355 

T 

250,000 

199,500 

17 

20 

T 

250,000 

197,000 

15 

21 

T 

248,400 

186,300 

16 

22  1 

i 

L 

240,000 

222,700 

20 

23 

T 

L 

240,500 

224,200 

17 

24 

AM355 

L 

242,000 

220,200 

18 

25  [2> 

AM350 

T 

219,300 

184,100 

15 

26  J 

i 

T 

218,800 

184,100 

14 

27 

T 

220,200 

184,100 

14 

?8  1 

L 

213,500 

199,500 

16 

29  1 

L 

208,900 

200,400 

15 

30 

.020 

AM350 

L 

211,300 

201,900 

16 

Taken  from  coil  for  all  Gc  specimens 

Taken  from  sheet  for  Gc  specimens  32x  and  35x 


Atmosphere 
Test  Temperature 


Air 
80°  F. 
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TABLE  III  TEST  DATA  -  EFFECT  OF  L/a  ON  G  FOR 

0.063  GAGE  7075-T6  ALUMINUM  SHEET 


SPEC. 

NO. 

SPECIMEN  CONFIGURATION 

a0+  Aa 
(in) 

FAILURE 

LOAD 

(lbs) 

°G 

(psi) 

^net 

(psi) 

T. 

kc 

G 

c 

a 

(in) 

b 

(in) 

L 

(in) 

t 

(in) 

a0+  Aa 

49 

4.0 

2 

♦  .0 

14.9 

.0645 

4.32 

24600 

15900 

24900 

3.45 

36000 

380 

50 

4.0 

15.0 

.0640 

4.27 

24350 

15800 

24600 

3.52 

35300 

367 

51 

4.0 

10.25 

.0615 

4.33 

24900 

16800 

26500 

2.37 

37900 

425 

52 

4.0 

10.62 

.0620 

4.18 

27450 

18400 

28300 

2.54 

40600 

486 

53 

4.0 

5.80 

.0640 

4.31 

26650 

17300 

27500 

1.34 

39000 

449 

54 

4.0 

5.65 

.0615 

4.34 

29700 

20100 

31500 

1.30 

45500 

612 

55 

4.0 

3.65 

.0640 

4.45 

29100 

18900 

30100 

0.82 

43500 

560 

56 

4.0 

3.20 

.0640 

4.35 

27050 

17600 

27600 

0.74 

40000 

470 

57 

4.0 

1.80 

.0635 

4.60 

29950 

19700 

31900 

0.39 

46600 

640 

58 

4.0 

1.60 

.0615 

4.25 

32400 

21900 

34000 

0.38 

49000 

705 

1A  * 

3.0 

39.0 

.0640 

3.55 

30650 

20000 

28300 

LI.  00 

39800 

468 

D> 

4.0 

2t 

+  .0 

0 

.0630 

4.40 

53600 

84700 

0 

123000 

4450 

D> 

Theor 

etical  1 

iaximum 

assu 

ming  u 

let  ° 

ult  =  8/ 

700  ps: 

L 

NOTES 

• 

1)  A 

LI  spec 

imens  st] 

Lf fened 

1  I 

2)  a  75500  psi 

yp 

3)  Transverse  grain 

directi 

on 
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TABLE  IV  TEST  DATA  -  EFFECT  OF  L/a  ON  G  FOR 
0.020  GAGE  AM355CRT  STEEL  COIL 


SPEC. 

NO. 

SPECIMEN  CONFIGURATION 

aQ+  Aa 
(in) 

FAILURI 

LOAD 

(lbs) 

l - T 

% 

(psi) 

^net 

(psi) 

L 

kc 

G 

c 

a 

(in) 

b 

(in) 

L 

(in) 

t 

(in) 

a0+  Aa 

22B 

4 

0 

i: 

2.0 

39.0 

.0 

20 

4.80 

25250 

84000 

139800 

8.13 

204000 

4365 

43 

15.10 

4.75 

37900 

79000 

131000 

3.18 

191000 

3800 

44 

15.05 

4.95 

41600 

8600 

147500 

3.04 

214000 

4760 

45 

9.10 

5.05 

41650 

87000 

150000 

1.80 

220000 

5050 

46 

9.10 

4.85 

41100 

85600 

144000 

1.88 

210000 

4610 

47 

3.10 

5.12 

46200 

96300 

170000 

.61 

247000 

6370 

48 

3.10 

4.85 

43500 

90600 

152000 

.64 

223000 

5160 

0> 

4. 

0 

i: 

2.0 

0 

.0, 

20 

4.00 

157000 

235000 

0 

336000 

11750 

Ce 

> 

Theor 

etical  i 

naximum 

3^  assn 

Lining  cr 

=  cr 

net 

=  2' 

ilt 

35000 

NOTES 

. 

1)  A 

11  spec 

Lmens  st 

Lf f ened 

1  1 

2)  a  =  222400  ps 

yp 

i  l 

3)  Longitudinal  gra 

L 

in  direc 

.tion 
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TABLE  V  TEST  DATA  -  EFFECT  OF  PANEL  WIDTH  ON  G  WITH 
CONSTANT  aQ  FOR  0.063  GAGE  7075-T6  ALUMINUM  SHEET. C 


SPECI 

MEN  CONFIGURATION 

a„+Aa 

fin) 

FAILURE 

LOAD 

fibs) 

(psi) 

^net 

(psi) 

a„+  A ; 

h 

kc 

G 

c 

SPEC. 

NO. 

a 

f  i  n  ) 

b 

f  in) 

L 

f  in) 

t 

fin) 

66 

1 

5 

11.0 

39 

.Of 

515 

1.76 

36900 

27300 

32400 

0.160 

36800 

400 

67 

10.0 

1.80 

33550 

27100 

33000 

0.180 

37100 

405 

68 

8.0 

1.70 

27650 

28000 

35600 

0.214 

37500 

414 

69 

6.0 

1.50 

19600 

26600 

35400 

0.250 

33800 

338 

70 

5.0 

1.63 

17300 

28100 

41700 

0.326 

38400 

433 

71 

4.0 

1.72 

11750 

23900 

42000 

0.431 

35600 

375 

72 

1 

.5 

3.5 

3 

9 

.0 

515 

1.56 

10080 

23400 

42200 

0.446 

33600 

332 

NOTES: 

1)  i 

^11  spe< 

limens  st 

if f ened 

i  ’  r 

2)  a  =  75500  psi 

yp 

i  i 

3)  Transverse  grain 

direct 

ion 
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TABLE  VI  TEST  DATA  -  EFFECT  OF  PANEL  WIDTH  ON  G  WITH 
CONSTANT  a0  FOR  0.020  GAGE  AM355CRT  STEEL  COILC 


SPEC. 

NO. 

SPECIMEN  CONFIGURATION 

a0+  Aa 

(in) 

FAILURE 

LOAD 

(lbs) 

°G 

(psi) 

a0+Aa 

kc 

G 

c 

a 

(in) 

b 

(in) 

L 

(in) 

t 

(in) 

(psi) 

b 

59 

2 

0 

12.0 

39.0 

.o: 

>0 

2.87 

58500 

122000 

160000 

.239 

214000 

4760 

60 

10.0 

39.0 

2.60 

47950 

120000 

162000 

.260 

202000 

4240 

61 

8.0 

27.0 

2.65 

35000 

109000 

163000 

.332 

190000 

3760 

62 

6.0 

27.0 

2.47 

25600 

107000 

182000 

.411 

188000 

3700 

63 

5.0 

15.0 

2.37 

16200 

81000 

154000 

.474 

147000 

2250 

64 

4.0 

39.0 

2.40 

13450 

84000 

210000 

.600 

179000 

3340 

65 

2. 

0 

3.5 

15.0 

.0; 

>0 

2.35 

10450 

75000 

227000 

.670 

178500 

3330 

NOTES 

I 

1)  A] 

.1  speci 

mens  std 

.f fened 

1  1  | 

2)  a  =  222.400  nsi 

yp 

3)  Longitudinal  gra: 

.n  direc 

tion 
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TABLE  VII  TEST  DATA  - 
aG/b  FOR  0.064  GAGE 


EFFECT  OF  A0  ON  Gc  WITH  CONSTANT 
7075-T6  ALUMINUM  SHEET 


SPEC. 

NO. 

SPECIMEN  C( 

)NF1GUR7 

tflON 

aQ+  Aa 

(in) 

FAILURE 

LOAD 

(lbs) 

aG 

(psi) 

^net 

(psi) 

aQ+ Aa 

b 

kc 

G 

c 

a 

(in) 

b 

(in) 

L 

(in) 

t 

(in) 

IB 

3.00 

12.00 

39.0 

.064 

3.50 

27150 

17550 

25000 

.292 

34500 

352 

A 

3.00 

12.00 

.064 

3.00 

26100 

17000 

22700 

.250 

30400 

275 

IBB 

3.00 

12.00 

.064 

3.55 

30650 

20000 

28300 

.296 

39800 

468 

AA 

3.00 

.  -12,  OQ 

.064 

3.18 

25650 

16710 

22700 

.265 

31  000 

28A 

2B 

2.625 

10.50 

.064 

3.125 

27350 

20300 

29000 

.298 

37800 

423 

A 

2.625 

10.5 

.064 

2.625 

26350 

19600 

26200 

.250 

32800 

320 

3B 

2.25 

9.00 

.064 

2.75 

24250 

21050 

30400 

.306 

38900 

402 

A 

2.25 

9.00 

.0645 

2.50 

22750 

19600 

27100 

.  278 

32AOO 

310 

4B 

1.875 

7.50 

.0635 

2.00 

23150 

24300 

33100 

.267 

35800 

379 

A 

1.875 

7.50 

.0635 

2.125 

20750 

21800 

30300 

.283 

33300 

327 

5B 

1.50 

6.00 

.064 

1.75 

19275 

25150 

35400 

.292 

33900 

361 

A 

1.50 

6.00 

.0635 

1.75 

18400 

24100 

33700 

.292 

33400 

332 

6B 

1.125 

5.00 

.064 

1.25 

19200 

30000 

40000 

.250 

34700 

357 

A 

1.125 

5.00 

.064 

1.25 

19250 

30100 

40100 

.250 

34800 

359 

7B 

.75 

3.00 

.064 

.85 

12650 

33000 

44000 

.284 

31900 

302 

A 

.  7b 

3.UO 

.0635 

.885 

13425 

35200 

49800 

.295 

33000 

360 

.563 

2.25 

.0635 

.563 

10900 

38200 

50800 

.250 

29600 

261 

A 

.563 

2.25 

.0635 

.563 

11420 

40000 

53200 

.250 

30000 

286 

8BB 

.563 

2.25 

.0635 

.613 

10900 

38200 

52400 

.272 

31200 

289 

AA 

.563 

2.25 

.0635 

.663 

11420 

40000 

56500 

.295 

34200 

367 

9B 

.375 

1.515 

.0635 

.415 

8580 

44510 

61500 

.274 

28600 

265 

A 

.375 

1.515 

39.0 

.0635 

.385 

8760 

45500 

61200 

 .254 

29200 

254 

2) 

3) 


=  75500  psi 


Tr^Ssverse  grain  direction 
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TABLE  VIII  TEST  DATA  -  EFFECT  OF  A0  ON  Gc  WITH  CONSTANT 
aQ/b  FOR  0.060  GAGE  2024-T3  ALUMINUM  SHEET 


SPEC. 

NO. 

SPEC 

[MEN  CONFIGURATION 

a„+  Aa 

(in) 

FAILURE 

LOAD 

(lbs) 

°G 

(psi) 

( 7 

net 

(psi) 

a0+  Aa 

*c 

G 

c 

a 

(in) 

b 

(in) 

L 

(in) 

t 

(in) 

b 

16A 

4.00 

12.00 

39 

.00 

.061 

4.80 

31600 

21600 

36000 

.400 

52500 

815 

B 

4.00 

12.00 

.0605 

4.80 

38800 

26700 

44500 

.400 

64900 

1250 

C 

4.00 

12.00 

.060 

4.75 

30000 

20800 

34500 

.395 

50200 

747 

17A 

3.50 

10.50 

.0605 

4.30 

26750 

21050 

35600 

.410 

48300 

690 

B 

3.50 

10.50 

.060 

4.30 

34550 

27400 

46400 

.410 

63400 

1190 

C 

3.50 

10.50 

.060 

4.20 

26100 

20700 

34500 

.400 

47100 

656 

18A 

3.00 

9.00 

.061 

3.45 

24500 

22300 

36200 

.383 

45500 

614 

B 

3.00 

9.00 

.060 

3.60 

29750 

27500 

45900 

.400 

57900 

994 

C 

3.00 

9.00 

.060 

3.50 

24000 

22100 

36400 

.389 

45600 

615 

19A 

2.50 

7.50 

.060 

2.90 

21600 

24000 

39200 

.387 

45000 

599 

B 

2.50 

7.50 

.060 

2.90 

25200 

28000 

46700 

.387 

52400 

815 

C 

2.50 

7.50 

.060 

2.95 

21300 

23700 

39000 

.394 

45000 

600 

20A 

1.50 

4.50 

.060 

1.80 

17150 

28600 

52900 

.400 

41600 

512 

B 

1.50 

4.50 

39 

.00 

.060 

1.80 

18300 

30500 

56500 

.400 

44400 

584 

21A 

1.00 

3.00 

16.00 

.060 

1.10 

10550 

29300 

46300 

.367 

33400 

304 

B 

1.00 

3.00 

16.00 

.060 

1.175 

10900 

30250 

49800 

.392 

36200 

390 

NOTES 

. 

1)  ' 

’A"  and 

’C"  spec 

imens  ui 

istiffei 

led 

i  I  1  1 

"B"  specimens  stiffened 

~l  1  r  1 

2)  Transverse  grain  direction 

1  1  1 

3)  a  =  43,400  psi 

yp 
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TABLE  IX  TEST  DATA  -  EFFECT  OF  A„  ON  G  WITH  CONSTANT 

c 

aQ/b  FOR  0.060  GAGE  2024-T81  ALUMINUM  SHEET 


SPEC. 

NO. 

SPEC 

[MEN  CONFIGURATION 

a  +  Aa 

(in) 

FAILURE 

LOAD 

(lbs) 

‘"G 

(psi) 

°net 

(psi) 

a  +  Aa 

O 

“c 

G 

c 

a 

(in) 

b 

(in) 

L 

(in) 

t 

(in) 

b 

37A 

4.00 

12.00 

39.0 

.060 

4.40 

18800 

13000 

20400 

.367 

29500 

258 

B 

4.00 

12.00 

4.55 

23600 

16400 

26200 

.379 

38400 

435 

C 

4.00 

12.00 

4.50 

18000 

12500 

19800 

.375 

29000 

248 

38A 

3.50 

10.50 

4.10 

18400 

14600 

23900 

.390 

32700 

316 

B 

3.50 

10.50 

4.10 

22200 

17600 

28800 

.390 

39400 

459 

C 

3.50 

10.50 

4.00 

17350 

13800 

22200 

.381 

30200 

271 

39A 

3.00 

9.00 

3.32 

16800 

1  5600 

24700 

.369  . 

30900 _ 

283. 

B 

3.00 

9.00 

3.50 

20000 

18500 

30300 

.389 

38200 

432 

C 

3.00 

9.00 

3.30 

16650 

15400 

24500 

.367 

30500 

274 

40A 

2.50 

7.50 

2.80 

15100 

16800 

27000 

.374 

30700 

279 

B 

2.50 

7.50 

3.00 

17000 

18900 

31500 

.400 

36300 

391 

C 

2.50 

7.50 

2.80 

15150 

16800 

27000 

.374 

30700 

279 

41A 

1.50 

4.50 

1.75 

13800 

23000 

35400 

.389 

32800 

319 

B 

1.50 

4.50 

1.85 

14900 

24800 

39200 

.411 

36800 

401 

C 

1.50 

4.50 

39.0 

1.63 

13950 

23200 

34900 

.362 

31600 

296 

42A 

1.00 

3.00 

15.0 

1.18 

10150 

28200 

46100 

.393 

33800 

339 

B 

1.00 

3.00 

15.0 

1.25 

9750 

27100 

46400 

.417 

34100 

344 

C 

1.00 

3.00 

15.0 

.060 

1.21 

9200 

25600 

41800 

.404 

31300 

290 

NOTES 

. 

1)  A 

and  C 

specimen 

s  unsti 

f fened 

B  specimens  stiffened 

2)  <r  =  62,000  psi 

J  r 

3)  Transverse  grain  direction 
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TABLE  X  TEST  DATA  -  EFFECT  OF  Ao  ON  Gc  WITH  CONSTANT 
ao/b  FOR  0.020  GAGE  AM350CRT  STEEL  SHEET 


SPEC. 

NO. 

SPECIMEN  CONFIGURATION 

/ 

a0+  A  a 

(in) 

FAILURE 

LOAD 

(lbs) 

(psi) 

°het 

(psi) 

a0+  Aa 

kc 

G 

c 

a 

(in) 

b 

(in) 

L 

(in) 

t 

(in) 

b 

30A 

.  .4.0 

12. Q 

..39.0 

.020. 

4.70 

32000 

66700 

110000 

.392 

160000 

2670 

B 

4.0 

12.0 

.020 

4.80 

44750 

93300 

155500 

.400 

226500 

5270 

C 

4.0 

12.0 

.020 

4.81 

31350 

65300 

109000 

.402 

L59500 

2650 

31A 

3.5 

10.5 

.0205 

4.15 

28850 

67100 

111000 

.395 

L51000 

2370 

B 

3.5 

10.5 

.0205 

4.15 

42350 

98500 

163000 

.395 

222000 

5150 

C 

3.5 

10.5 

.020 

4.13 

29150 

69500 

114500 

.394 

L56500 

2570 

32A 

3.0 

9.0 

.020 

3.40 

23600 

65500 

105000 

.378 

L32800 

1835 

B 

3.0 

9.0 

39.0 

.0203 

3.70 

37450 

102500 

174000 

.411 

220500 

5090 

33A 

2.5 

7.5 

23.0 

.020 

2.90 

22300 

74400 

121000 

.387 

L39500 

2030 

B 

2.5 

7.5 

.0205 

3.40 

32150 

105000 

192500 

.453 

224500 

5225 

C 

2.5 

7.5 

.0205 

2.95 

23700 

77200 

127500 

.393 

L47000 

2250 

34A 

1.5 

4.5 

.0205 

1.70 

15550 

84500 

135000 

.378 

L21000 

1527 

B 

1.5 

4.5 

.0205 

1.70 

22500 

122000 

195500 

.378 

L74500 

3190 

C 

1.5 

4.5 

23.0 

.0205 

1.70 

16700 

90800 

145000 

.378 

L30500 

1760 

35A 

1.0 

3.0 

26.0 

.020 

1.10 

12500 

104000 

165000 

.367 

119000 

1480 

B 

1.0 

3.0 

26.0 

.020 

1.10 

15500 

129000 

204000 

.367 

147000 

2270 

NOTES 

• 

1)  " 

4"  and 

'C"  spec 

[mens  ui 

istif fen 

ed 

"B"  specimens  stiffened 

2)  o-  200,900  psi 

yp 

3)  Longitudinal  grain  direction 
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TABLE  XI  TEST  DATA  -  EFFECT  OF  A  ON  G  WITH  CONSTANT 

o  C 

aQ/b  FOR  0.020  GAGE  AM355CRT  STEEL  COIL 


SPEC. 

NO. 

SPECIMEN  CONFIGURA 

lTION 

a0+  A  a 

(in) 

FAILURE 

LOAD 

(lbs) 

°G 

(psi) 

anet 

(psi) 

aQ+  Aa 

b 

G 

c 

a 

(in) 

b 

(in) 

L 

(in) 

t 

(in) 

22A 

4.0 

12.0 

39.0 

.0203 

4.65 

25250 

51900 

84500 

.387 

123000 

1585 

B 

4.0 

12.0 

39.0 

.0195 

4.80 

39350 

84000 

139800 

.400 

204000 

4365 

C 

4.0 

12.0 

39.0 

.0203 

5.45 

23450 

48200 

87500 

.455 

130000 

1765 

23A 

3.5 

10.5 

35.0 

.0205 

4.30 

24700 

57400 

97400 

.410 

149300 

1845 

B 

3.5 

10.5 

35.0 

.0193 

4.20 

34900 

86000 

142400 

.40Q 

195500 

4000 

C 

3.5 

10.5 

35.0 

.0205 

4.80 

21300 

49500 

98900 

.457 

126000 

1663 

24A 

3.0 

9.0 

28.0 

.0200 

3.60 

22950 

63700 

106100 

.400 

134000 

1882 

B 

3.0 

9.0 

28.0 

.0205 

3.75 

3265 

88500 

152000 

.417 

192300 

3870 

C 

3.0 

9.0 

28.0 

.0200 

3.50 

24400 

67800 

111000 

.389 

139800 

2045 

25A 

2.5 

7.5 

22.0 

.0200 

3.00 

20400 

68000 

113300 

.400 

129400 

1758 

B 

2.5 

7.5 

22.0 

.0205 

3.25 

28600 

93000 

164000 

.434 

190300 

3793 

C 

2.5 

7.5 

22.0 

No  Te 

;t  Cond 

ic  ted 

26A 

2.0 

6.0 

22.0 

.0200 

2.34 

16550 

69000 

1 1 3000 

.390 

116200 

1418 

B 

2.0 

6.0 

22.0 

.0205 

2.45 

24650 

100300 

169500 

.408 

175000 

3215 

C 

2.0 

6.0 

22.0 

No  Te 

3t  Cond 

icted 

27A 

1.5 

4.5 

22.0 

.0205 

1.78 

13200 

71600 

118800 

.396 

105300 

1163 

B 

1.5 

4.5 

22.0 

.0200 

1.80 

19550 

108600 

181000 

.400 

162000 

2735 

C 

1.5 

4.5 

22.0 

.0200 

1.70 

13650 

75800 

121800 

.378 

108200 

1225 

28A 

1.0 

3.0 

35.0 

.0200 

1.20 

10800 

90000 

150000 

.400 

109400 

1253 

B 

1.0 

3.0 

35.0 

.0200 

1.20 

14800 

123300 

206000 

.400 

149700 

2352 

NOTES 

: 

1)  " 

A"  and  " 

C"  sped 

mens  u 

nstif  fei 

led 

"B"  specimens  stiffened 

2)  a  =  222400  psi 

yp 

3)  Longitudinal  grain  direction 
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